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Description

Field of the Invention

[0001] This invention relates to devices for separating
oxygen from more complex gasses such as air which
contains oxygen, and delivering the separated-oxygen
at an elevated pressure for use immediately, or for stor-
age and use later. More particularly, the invention relates
to solid state electrochemical devices for separating ox-
ygen from more complex gasses to produce the desired
oxygen and delivering the oxygen at elevated pressures
up to and exceeding 137.9 Bar (2000 psig).

Background of the Invention

[0002] It is well known, and has been demonstrated,
that oxygen can be removed from more complex gasses,
such as air, by an electrochemical process of ionizing
the oxygen molecules, transporting the oxygen ions
through a solid electrolyte and reforming the oxygen mol-
ecules on an opposite electrolyte surface. An electrical
potential is applied to a suitable catalyzing electrode
coating applied to the surface of the electrolyte which is
porous to oxygen molecules and which acts to disasso-
ciate oxygen molecules into oxygen ions at its interface
with the electrolyte. The oxygen ions are transported
through the electrolyte to the opposite surface, which is
also coated with a catalyzing electrode and electrically
charged with the opposite electrical potential that re-
moves the excess electrons from the oxygen ions, and
oxygen molecules are reformed. However, current oxy-
gen generating systems are unable to deliver high pres-
sure oxygen above 82.74 Bar (1200 psi). Examples of
known oxygen generating systems are disclosed in WO-
A-9948595 and US-A-5186793. WO-A-9948595 disclos-
€s an oxygen generating system comprising an oxygen
generator having an oxygen ion conducting honeycomb
structure and a heat exchanger thermally coupled to the
oxygen generator. US-A-5186793 discloses an oxygen
concentration system for producing oxygen from air com-
prising an electrochemical oxygen concentrator mounted
within an inner housing having the form of an annulus.
Overall, aneed exists in the art for a system and a method
which provides a high pressure oxygen. Another need
exists in the art for an oxygen generating system which
can use contaminated air which is contaminated, for ex-
ample, with biological agents and/or other toxic substanc-
es.

Summary of the Invention

[0003] ltis, therefore, an object of the presentinvention
to provide an electrochemical oxygen generating system
which can provide high-pressure oxygen.

[0004] It is another object of the present invention to
provide an electrochemical oxygen generating system
which can provide oxygen at pressures up to 137.9 Bar
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(2000 psi).

[0005] It is another object of the present invention to
provide a heat exchange system which can regulate the
temperature of oxygen generating modules during oxy-
gen production.

[0006] Yetanother object of the present invention is to
provide a control system for controlling oven chamber
temperatures.

[0007] Another object of the presentinvention is to pro-
vide a unigue mounting and electrical interconnection
structure for supporting the oxygen generating modules
and provide electrical power thereto.

[0008] Another object of the presentinvention is to pro-
vide an oxygen generating system capable of using con-
taminated air and capable of filtering the contaminated
air and providing breathable high purity oxygen gas.
[0009] Still another object of the present invention is
to provide an oxygen generating system capable of using
air contaminated with biological agents and/or

other toxic substances and capable of generating breath-
able high purity oxygen gas.

[0010] still another object of the present invention is
to provide amethod of sealing a ceramic tube to a ceramic
module to allow each to thermally expand and contract
without cracking.

[0011] These and other objects of the present inven-
tion are achieved by an electrochemical oxygen gener-
ating system including an oven chamber having a fresh
air inlet and a depleted air outlet, at least one ceramic
oxygen generating module located in the oven chamber
and having an oxygen outlet, a heater mounted in the
oven chamber, a heat exchanger positioned between the
fresh air inlet and the oven chamber, a controller for pro-
viding electrical power to the at least one ceramic oxygen
generating module and for controlling the heater and a
plurality of adjustable dampers being located between
said fresh air inlet and said oven chamber.

[0012] The proposed invention is suitable for, but is
not limited to, the delivery of high purity oxygen for many
medical, semiconductor and industrial applications as
well as the filtration of chemical and biological agents in
civil and military environments.

[0013] Yetanother object of the present invention is to
provide an electrochemical oxygen generating system
capable of utilizing an air supply that contains chemical
and/or biological contaminants including an oven cham-
ber having an air inlet from the air supply and a depleted
air outlet, at least one ceramic oxygen generating module
located in the oven chamber and having an oxygen outlet,
a heater mounted in the oven chamber, a heat exchanger
positioned between the fresh air inlet and the oven cham-
ber, and a controller for providing electrical power to the
at least one ceramic oxygen generating module and for
controlling the heater, wherein oxygen gas provided to
the oxygen outlet is free of the chemical and/or biological
contaminants.

[0014] still other objects and advantages of the
present invention will become readily apparent to those
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skilled in the art from the following detailed description,
wherein the preferred embodiments of the invention are
shown and described,

simply by way of illustration of the best mode contem-
plated of carrying out the invention. As will be realized,
the invention is capable of other and different embodi-
ments, and its several details are capable of modifica-
tions in various obvious respects, all without departing
from the invention. Accordingly, the drawings and de-
scription thereof are to be regarded as illustrative in na-
ture, and not as restrictive.

Brief Description of the Drawings

[0015] The present invention is illustrated by way of
example, and not by limitation, in the figures of the ac-
companying drawings, wherein elements having the
same reference numeral designations represent like el-
ements throughout and wherein:

Figure 1 depicts a schematic of a complete oxygen
generating system 10 utilizing an electrochemical-
oxygen generator in the form of a modular ceramic
oxygen generator;

Figure 2 is a schematic diagram depicting a cross-
section of the ceramic oxygen generating system de-
picting the oven, insulation, modules, heaters, planar
counter-flow heat exchanges, air-flow dampers and
fan;

Figure 3 is another schematic diagram similar to Fig-
ure 2, depicting a second heat exchanger embodi-
ment;

Figure 4 depicts a pneumatic interface using a con-
cave depression;

Figure 5 depicts an arrangement for combining
mounting and power provisions taken along lines 5-5
in Figure 2;

Figure 5A is a partial cross-sectional view taken
along lines 5A-5A in Figure 5;

Figure 6 depicts a mounting arrangement using "Z"
clips;

Figure 7 depicts an alternative "Z" clip arrangement
in which the support bar is segmented to provide
electrical isolation; and

Figure 8A is a side elevational view of an integrated
air distribution manifold and mounting clip assembly;

Figure 8B is a cross-sectional view taken through
lines 8B-8B in Figure 8A;
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Figure 8C is a top plan view of the integrated air
distribution manifold,;

Figure 8D is an end view of the integrated air distri-
bution manifold;

Figure 8E is a cross-sectional view taken through
lines 8D-8D in Figure 8C;

Figure 8F is a bottom plan view of the integrated air
distribution manifold;

Figure 9 is a perspective view illustrating the use of
the air distribution manifold of Figures 8A-8F;

Figure 10 is a perspective view of the mounting clip
used in the present invention; and

Figure 11 is a graph illustrating the temperature de-
pendence of oxygen output for the electrochemical
oxygen generating system according to the present
invention.

Best Mode for Carrying Out the Invention

[0016] U.S.Patent No. 5,985,113 (publication number
US000005985113A) issued on November 16,1999, U.S.
Patent No. 5,871,624 (publication number
US000005871624A) issued on February 16, 1999 and
Application Serial No. 09/418,831 (publication number
US000006194335B1) filed October 15, 1999, now pend-
ing, assigned to the instant assignee, teach how an elec-
trochemical oxygen generating device can be manufac-
tured that not only generates oxygen, but can be used
to deliver the oxygen gas at pressures exceeding 137.9
Bar (2000 psig). It should be understood that terms such
as "left" and "right" as used herein are to be construed
in the relative sense and that the present invention is
usable in any orientation.

[0017] Figure 1 illustrates a schematic of a complete
oxygen generating system 10 utilizing an electrochemi-
cal-oxygen generator in the form of a modular ceramic
oxygen generator. This schematic depicts a power sup-
ply and controller 20 that supplies electrical power to an
oven heater 24 to raise the temperature within the oper-
ating range of an oxygen-generating module assembly
22. The oxygen-generating module 22 assembly can in-
clude or more oxygen-generating modules such as those
disclosed in U.S. Patent No. 5,871,624 (publication
number US000005871624A) and Serial No. 09/010,828
(publication number US000005985113A).

[0018] The temperature range in an oven chamber 26
may be about 500 to 800 degrees Celsius, depending on
the materials used to construct the oxygen-generating
module assembly 22. The oxygen-generating modules
22 are positioned in the oven chamber 26. After the oven
chamber 26 reaches the minimum preferred operating
temperature, as detected by at least thermocouple 28
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mounted in the oven chamber 26, the controller 20 begins
to apply electrical power to a fan motor 30 to deliver ox-
ygen-laden air through a counter-flow heat exchanger 32
into the oven 26 chamber to a module assembly 21 in-
cluding at least one module 22. The controller 20 also
delivers electrical power to the modules 22, and oxygen
is electrochemically generated, as taught in U.S. Patent
No. 5,871,624 (publication number US000005871624A)
and Application Serial No. 09/010,828 (publication
number US000005985113A). Depending upon the
amount of oxygen to be generated, the amount of elec-
trical power can be varied. As electrical power is delivered
to the modules 22 and oxygen is generated, electrical
resistance within the modules 22 generates additional
heat. To compensate for this additional heat, the control-
ler 20 reduces power to the oven heater 24, to maintain
the desired nominal operating temperature in the oven
chamber 26. The oxygen being generated is delivered
to a product plenum 34, which acts as a temporary oxy-
gen storage vessel. The oxygen is delivered from the
product plenum 34 to a low-pressure regulator 36, final
filter 38, check valve 40, flow meter 42, and lastly a user-
adjustable valve 44 for immediate use, for example, by
a patient.

[0019] Oxygen may also be delivered to a high-pres-
sure connection that allows connection 50 of aremovable
portable oxygen storage cylinder 52. The portable cylin-
der 52 is filled automatically and can be used later. The
controller 20 applies appropriate electrical power to the
modules 22 to generate oxygen at elevated pressures
until a high-pressure switch 54 detects a pressure over
about 124.1 Bar (1800 psig). Upon exceeding 124.1 Bar
(1800 psig), the controller 20 reduces power to the mod-
ules 22 until pressure at the high-pressure switch 54 falls
below 124.1 Bar (1800 psig). The controller 20 also elec-
trically monitors the low-pressure switch 58. This switch
54 enables regulation of the pressure delivered to the
product plenum 34 and high-pressure connector 50 to a
nominal pressure of about 124.1 Bar (1800 psig). A high-
pressure relief valve 56 vents excess pressure above
about 137.9 Bar (2000 psig), in the event of a malfunction
of the controller 20 to limit the nominal pressure to less
than 137.9 Bar (2000 psig), and to relieve excessive tem-
perature-related pressure increases. It should be under-
stood that the maximum normal operating pressure is
approximately 124,1 Bar (1800 psig). The controller 20
also electrically monitors the high-pressure switch 54. If
the operating pressure is below the minimum operating
pressure after a given period of time, then the controller
20 activates a warning light and audible alarm (not
shown).

[0020] Figure 2 illustrates a cross-section of the ce-
ramic oxygen generating system depicting the oven 26,
insulation 200, oxygen-generating module assemblies
22, heaters 24, planar counter-flow heat exchangers 32,
air-flow dampers 202, and fan 30. The counter-flow heat
exchanger is a very effective, simple, low-cost design
approach. As depicted in Figure 2, four oxygen generat-
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ing modules 22’, 22", 22", 22" form the oxygen-gener-
ating assembly 21 although any number of modules can
be used. The oxygen-generating modules 22’, 22", 22",
22" are manifolded together by tubes 23’, 23", 23". An
outlet tube 25 passes through the wall 210 to provide
high pressure oxygen to the product plenum 34 and the
high pressure connection 50.

[0021] Coolfresh air is heated before the air enters the
inner oven, and the hot air is cooled before it exits the
oven 26; thereby, conserving energy. In a planar counter-
flow configuration illustrated in Figure 2, the fan 30 intro-
duces cool, oxygen-laden air into the channels 280, 282
between the outer surface of the inner walls 220, 222
made of oven insulation 200 and the inner surfaces 250,
252 of the heat exchanger wall. This cool air is heated
as it passes inward along the heat exchanger wall, be-
cause hot oxygen-depleted air is exiting outward from
the inner oven 26 on the other side of the heat exchanger
wall. The incoming air is also partially heated by an outer
surface of the walls 220, 222 of oven insulation 200, fol-
lowed by an inner surface of the walls 220, 222 of the
oven insulation 200, after a 180° turn mid-way into the
inner oven. Channels 280, 282 each flow from the fan 30
from left to right and then reverse and flow from right to
left.

[0022] Electrical resistance is inherent to all electro-
chemical oxygen generating systems, because these
systems generate oxygen with the flow of electrical cur-
rent. The electrochemical oxygen generating modules
22 generate heat as well as oxygen. Too much oven in-
sulation 200 and very efficient heat exchangers could
result in runaway oven temperatures. One method of
temperature control is to ensure that some amount of
heater activation is always used to maintain the normal
operating temperature, after the initial startup period of
time. Another method is to adjust the fan 30 speed to
cause additional air to be circulated through the oven 26
carrying away the excess heat. The controller 20 moni-
tors the temperature in the inner oven 26 using one or
more strategically placed thermocouples 28 (not shown
in Figure 2) to ensure that the oven temperatures are
normal. The controller 20 uses this information to adjust
either the heater 24 voltage or fan 30 speed to control
the temperature of the inner oven 26.

[0023] Asdepicted in Figure 2, six air dampers 202 are
used in the embodiment depicted in Figure 2. Three
dampers are each mounted to walls 260, 262 with the
dampers 202 being positioned between modules 22 and
opposite each other. The air dampers 202 shown allow
some oxygen-laden air to enter the module chamber or
inner oven 26 before completing the entire heat exchang-
er flow-path to the inner oven. If all oxygen-laden air were
forced to traverse the entire heat exchanger flow-path, a
higher temperature gradient would occur across the se-
ries of modules 22 in the oven. The air would be progres-
sively heated as it passes over each module 22. Allowing
some air to enter near the latter modules 22",
22" provides a more uniform temperature across the
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modules 22’-22"™ and prevents modules 22", 22" from
possibly over-heating. These dampers 202 are adjusta-
ble and can be manually adjusted during the assembly
of the system 10 and during an initial start up test process
after completion of the manufacturing and assembly
process of the system 10. These dampers 202 include
damper flaps 204 which are mounted to a suitable cylin-
dricalrod (not shown) that extends through the inner oven
insulation and support structure to outside the inner oven
26. The external ends of the damper rods can be rotated
and secured in the preferred orientation during the as-
sembly process. Alternately, the dampers could be ad-
justed automatically by the controller 20, based upon the
inner oven 26 temperatures measured by the thermo-
couples 28. Several types of electromechanical damper
actuators are available that could be used.

[0024] Figure 3depicts another type of heat exchanger
embodiment. This is another approach comparable to
the planar heat exchanger with flow control dampers de-
scribed above with respect to Figure 2. A tubular heat
exchanger approach utilizes multiple cylindrical tubes
300, 302 that enter the oven between the inner and outer
insulation, traverse to the far end of the oven, enter the
inner oven 26, and returns to the opposite end of the
oven on the inside of the inner insulation. The cool oxy-
gen-laden air is forced into the tubes 300, 302 by the fan
30 and delivered to the inner oven 26 at the same end
of the oven. The hot oxygen-depleted air flows in the
opposite direction around the outside of the tubes 300,
302 to cool the oxygen-depleted air and warm the cool
oxygen-laden air. Some of the tubes have holes 320 at
strategic points (typically between modules 22, 22"; 22",
22" and 22", 22"") along the return path in the inner
oven, or some of the tubes end at strategic points along
the return path in the inner oven 26. This allows some
air to enter the chamber prior to traversing the complete
length of the tubes 300, 302; thereby, allowing a more
even temperature gradient as described above for the
planar heat exchanger with air flow-control dampers.
[0025] As depicted in Figure 3, dampers 340, 342 are
located where the cool oxygen-laden air enter the tubes
300, 302 near the fan 30. Some of the tubes that do not
have holes or do not end before traversing the complete
pathway into the inner oven 26 at the fan-end also do not
have dampers. The remaining tubes, that do have holes
or do end before traversing the complete pathway into
the inner oven at the fan-end, also do have dampers.
The dampers are located at the open end of the appro-
priate tubes on the fan-side of a tube-plate that secures
thetubesin place. The dampers can be positioned across
the open-ends of the tubes to occlude them, as required
to regulate the temperature of each zone within the inner
oven. The dampers 340, 342 can be manually adjusted
or automatically adjusted by the controller 20 as de-
scribed earlier.

[0026] Another method for controlling the temperature
of the ceramic generator or the rate of oxygen production
is to reduce the quantity of feed air supplied to the gen-
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erator, or to reduce the quantity of oxygen in the feed air.
As previously explained, there is an equivalence between
the rate of oxygen production and the current flow through
the ceramic generator. The electrical current flow is pro-
portional to the voltage applied to the generator minus
the Nernst-Einstein voltage. The Nernst-Einstein voltage
is proportional to the difference in the oxygen partial pres-
sures at the input and output of the ceramic generator.
Therefore, as the input oxygen partial-pressure decreas-
es or as the output oxygen partial pressure increases, or
both, the current flow and thus the oxygen flow is de-
creased. In practice the input oxygen partial pressure
can be reduced by use of the dampers previously de-
scribed as well as other means such as reducing fan 30
speed. As the oxygen flow and the current flow through
the ceramic generator are reduced, the power dissipation
in the generator is reduced thereby reducing the self-
heating within the module resulting in a lower generator
temperature.

[0027] Inallofthe described embodiments, the oxygen
delivery tubes 23’, 23", 23" and 25 of the individual mod-
ules 22 must either extend outside the heated section of
the furnace or be internally joined and the resulting tube
25 extended outside the furnace. One method of extend-
ing individual tubes outside the furnace or inner oven 26
is to use a ceramic tube 25 sealed into a matched hole
in the module 22'. The use of a ceramic tube minimizes
stresses on the tube-to-module interface caused by dif-
fering coefficients of thermal expansion. However, this
method presents a problem in that the tube, module, and
seal are all composed of brittle materials that cannot sus-
tain any significant displacement without breaking. It is
difficult to prevent the application of bending moments
on the tubes using this approach. The preferred method
is to form a more resilient seal by forcing a spherically
shaped device 402 into a matching concave surface 404.
The convex spherical shape can be formed on the outer
surface of the tube 25 and the concave surface in the
module wall or vice versa. Also, the concave depression
could be conical in form as well as spherical. This method
allows a seal that willaccommodate a significant amount
of misalignment if the tube 25 is continuously pressed
into the concave surface 404 as, for instance, by the ac-
tion of a spring or weight. Figure 4 illustrates this method
and shows a significant misalignment accommodated
while still maintaining a viable seal.

[0028] Another aspect associated with assembling the
ceramic modules into a useable oxygen generating sys-
tem is how the modules 22 are mounted in the furnace
26 and how the electric power is applied to these modules
22.Inthe presentinvention, the means of supplying pow-
er to individual modules 22 and the means of mounting
the modules 22 in the furnace are combined.

[0029] Figure 5 illustrates one method of combining
mounting and power provisions. As illustrated, an L-
shaped supportbar 502 mounted above the modules pro-
vides physical support to restrain modules 22’, 22", 22",
22" from moving. A second L-shaped support bar 504
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is mounted below the modules 22’, 22", 22", 22™. Clips
are formed from a material that retains strength at a high
operating temperature such as Inconel and/or Monel. A
clip is formed in a "U" shaped cross section of a suitable
dimension to clamp tightly around the ends of the mod-
ules as depicted in Figure 5A. A multi-fingered U-clip sim-
ilar to typical printed circuit board card-edge electrical
connectors is preferred. The multi-fingered U-clip can
more readily accommodate module 22 thickness varia-
tions along the clip’s longitudinal axis. The clips 510, 512
are permanently attached to the support bars 502, 504
using a technique such as welding or brazing. Both the
clip 510, 512 and support 502, 504 are then coated with
a conductive material, such as silver, to minimize elec-
trical and interfacial resistances. Power is provided to the
system by applying a positive voltage to the end of one
support bar 502, 504 and a negative voltage to the end
of the other support bar 502, 504. As depicted in Figure
5, the modules 22’, 22", 22", 22" are provided power in
a parallel-powered configuration. That is, the same volt-
age is applied to all modules 22’, 22", 22", 22",

[0030] Ifthe surface of the support bar 502, 504 is non-
conductive, as a result of a coating, oxidation layer, or
bulk material property, then a series-powered configura-
tion is also possible. If the series configuration is desired,
the clips are not electrically connected to the support
bars. This configuration is illustrated in Figure 6. In this
configuration, "Z" clips 610, 612, 614 are each formed
from a single piece of a metal that retains strength at the
operating temperature, then coated with a conductive
material such as silver. Each clip 610, 612, 614 is at-
tached to the support bar 502 can be used at each end
of the string to supply the positive and negative voltages
to the modules 22. In another embodiment, the clips may
be electrically connected to the support bars. In this case,
the support bars 502, 504 are coated with a conductive
coating except in selected shaded regions 502', 502",
502" and 504’, 504", 504" as illustrated in Figure 7. Al-
ternatively, the support bar can be segmented to provide
electrical isolation in the designated areas shown in
black. Also, by rotating every other module 180° the "z-
strip" shown in Figure 7 can be eliminated.

[0031] Referring now to Figures 8A-8F, an integrated
air distribution manifold and mounting clip system is de-
picted. This manifold is primarily usable for the schematic
illustrations depicted in Figures 2 and 3. As depicted in
Figure 8A, the manifold assembly 700 includes a mani-
fold body 720 having a wide portion 725 which is posi-
tioned in the oven chamber 26. Extending outwardly from
the oven is an outer portion 730. A plurality of manifold
mounting clips 732, preferably made from inconel are
fastened to a top surface 734 of the portion 725. As de-
picted, there are six manifold clips 732, although it should
be understood that any number can be used. Two tubes
740, 742 (see Figure 8C) are positioned within walls 750,
752. Walls 750, 752 extend the entire length of portion
730 and for the majority of the length portion 725. A gap
is formed between tube 740, 742 and walls 750, 752 to
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provide a passageway. As depicted in Figure 8, there are
outer passageways 760, 762 formed between walls 750,
764 and 752, 764. As depicted in Figure 8C, there are a
plurality of holes worn between mounting clips 732 in the
portion 730. The holes are 770. As depicted in Figure
8D, the mounting clip 732 extend inwardly into the oven
chamber 726.

[0032] Itshould be noted that two manifold assemblies
are used on opposite ends of the ceramic modules 22.
The manifolds 700 can either be mounted horizontally or
vertically. Ceramic oxygen generating modules 22 are
each clipped into a pair of clips 732 as described below.
[0033] As depicted in Figure 8E, a return passageway
780 is formed between walls 750, 752, tubes 740, 742
and the upper surface 734 of manifold body 720.
[0034] The wider portion 730 of the assembly 700
where the mounting clip 732 are attached is inside the
oven chamber 26 while the narrower portion 730 of the
assembly 700 is outside the oven chamber 26. The man-
ifold assembly operates as follows: cool fresh air flows
through tubular elements 740, 742, picking up heat as
the cool fresh air flows to the opposite end 782 (see Fig-
ure 8B). At the end of 782, the fresh air makes a turn and
flows into the outer distribution passages 760, 762. The
hot fresh air then enters the oven chamber 26 through
holes 320. Hot oxygen depleted air exits the oven cham-
ber 26 through holes 770 into the volume 780 formed
between the tubular elements 740, 742 and the distribu-
tion passages 760, 762. The hot depleted air passes over
the tubular element 740, 742 giving up heat to the fresh
air inside the tubular elements 740, 742 as the hot de-
pleted air flows out of portion 730. Advantageously the
manifold assembly has the following functions and fea-
tures: mechanical supporter of the ceramic modules 22,
electrical connection to the ceramic modules 22, fresh
air distribution and injection into the oven chamber 26,
depleted air extraction from the oven chamber 26, heat
exchange between the fresh and depleted air, and cool-
ing of the mounting clip 732 and manifold assembly 700
due to heat exchange within.

[0035] The mounting clip 732 is depicted in Figure 10
is a sheet metal part that has a flat mounting face 1100
and two rows of spring contacts 1110, 1120. Each of the
contacts 1130 provides for secure mounting and electri-
cal connection for each of the ceramic modules 22. In-
conel or another high temperature alloyed is preferred
as the material for the mounting clip.

[0036] The assembly 700 will be somewhat cooler than
the ceramic modules 22 and oven chamber 26 is a con-
sequence of the heat exchange occurring within. The
cooler temperature will provide for longer assembly life
and/or less stringent metallic material requirements. The
cooler temperature will also help ensure electrical con-
nection integrity because of more stiffness in the mount-
ing clip 732 material, less degradation of the conductive
coating that is applied to the clips 732, and higher elec-
trical conductivity of the metallic materials.

[0037] The oxygen generating system described here-
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in can also be used to provide a supply of pure oxygen
from an air supply that contains chemical and/or biolog-
ical contaminants. Because of the nature of the process
used to generate oxygen and the temperature at which
the system operates, chemical and/or biological contam-
inant are precluded from passing through the oxygen-
generating modules 22 into the product plenum 34. In
addition, because of the high operating temperature of
the modules 22, the operating temperature is sufficient
to kill most or all biological agents and decompose toxic
compounds. The foregoing arrangement has many uses
including, but not necessarily limited to, providing pure
oxygen to processes which operate in a contaminated
environment, for example, in chemical plants and phar-
maceutical manufacturing operations, and may also be
used to provide oxygen for human consumption in envi-
ronments that have been intentionally contaminated as
a result of chemical and/or biological warfare. Further-
more, it is possible to utilize one or more oxygen gener-
ators such as those described herein for the purpose of
decontaminating air in a building or other environment
that has been subject to intentional or unintentional
chemical and/or biological contamination, for example,
for an accidental biological release in a laboratory envi-
ronment.

[0038] The properties of the solid ceramic electrolyte
enable the separation process to occur at a fundamen-
tally higher level of selectivity than is possible using po-
rous filtration methods, such as pressure-swing adsorp-
tion (PSA). The solid electrolyte used in forming the ce-
ramic modules 22 is formed as a dense ceramic member
(defined as containing no open porosity). The crystal
structure of the solid electrolyte contains oxygen ions, in
addition to metal cat-ions. Examples of chemical formu-
las are Zr0, and Ce0,. The base compositions are altered
by the substitution of a small percentage (typically 5%-
20%) ofthe metalions by another metal cation of a slightly
different size and electrical charge. The result of the sub-
stitution is the creation of oxygen vacancies within the
crystal structure of the ceramic material. At elevated tem-
peratures (above 500 degrees C for known ceramic elec-
trolytes) the negatively charged oxygen ions present in
the ceramic material are able to move in response an
applied electric field. The oxygen ions move toward the
positively charged surface by diffusing into crystal lattice
sites that contain oxygen vacancies. When the oxygen
ions reach the positively charged surface, they recom-
bine to form oxygen gas (0,).

[0039] The oxygen ions and the vacancies through
which they diffuse in the Electrochemical Oxygen Gen-
erating System have a radius on the order of 1 Angstrom
(10-10 meters). This small size precludes the entry of any
biological agent or other toxic compound. Additionally,
the crystal structure is adapted specifically to incorporate
the size and electronic orbital structure of the oxygen ion.
Occupancy of these sites by any ion other than oxygen
would require a rearrangement of the crystal structure,
which would require an amount of energy much greater
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than that encountered during the operation of this device.
The ceramic electrolyte can be operated between 500
and 1000 degrees Celsius, which is sufficiently high to
decompose most or all biological agents and toxic com-
pounds.

[0040] The temperature dependence of oxygen output
for Electrochemical Oxygen Generating System is illus-
trated in Figure 11. The oxygen output of the oxygen
generating system is directly proportional to the electrical
current measured across the ceramic modules. When a
constant electrical voltage is applied across a module,
the amount of current, |, generated is related to the volt-
age, V, and the electrical resistance, R, of the ceramic
electrolyte by the following relationship known as Ohm'’s
Law.

I=V/R

[0041] The electrical resistance of the electrolyte de-
creases strongly with increasing temperature, resulting
in a higher oxygen output when the voltage is held con-
stant and the temperature is increased. The temperature
dependence between 500 and 800 degrees Celsius is
shown in Figure 11.

[0042] It will be readily seen by one of ordinary skill in
the art that the present invention fulfills all of the objects
set forth above. After reading the foregoing specification,
one of ordinary skill will be able to affect various changes,
substitutions of equivalents and various other aspects of
the invention as broadly disclosed herein. It is therefore
intended that the protection granted hereon be limited
only by the definition contained in the appended claims.

Claims

1. Anelectrochemical oxygen generating system, com-
prising:

an oven chamber having a fresh air inlet and a
depleted air outlet; at least one ceramic oxygen
generating module located in said oven cham-
ber and having an oxygen outlet;

a heater mounted in said oven chamber;

a heat exchanger positioned between said fresh
air inlet and said oven chamber; and

a controller for providing electrical power to said
at least one ceramic oxygen generating module
and for controlling said heater

characterised in that

the electrochemical oxygen generating system com-
prises a plurality of adjustable dampers located be-
tween said fresh air inlet and said oven chamber.

2. The electrochemical oxygen generating system of
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claim 1, wherein said heat exchanger comprises at
least one hole for allowing some of the fresh air to
enter the oven chamber.

The electrochemical oxygen generating system of
claim 1, further comprising a thermocouple mounted
in said oven chamber, said thermocouple sending a
signal to said controller indicative of a temperature
in said oven chamber.

The electrochemical oxygen generating system of
claim 1, further comprising at least one further damp-
er connected to said heat exchanger and controlled
by said controller for allowing some of the fresh air
to be redirected into said oven chamber.

The electrochemical oxygen generating system of
claim 1, further comprising a fan located between
said fresh air inlet and said oven chamber.

The electrochemical oxygen generating system of
claim 1, comprising a plurality of ceramic oxygen
generating modules manifolded together.

The electrochemical oxygen generating system of
claim 1, wherein said electrochemical oxygen gen-
erating system can produce oxygen at said oxygen
outlet at pressures up to 137.9 Bar.

The electrochemical oxygen generating system of
claim 1, wherein said controller controls fan speed
to regulate oven chamber temperature.

The electrochemical oxygen generating system of
claim 1, wherein said heat exchanger provides a
180° path for fresh air entering said oven chamber
and said depleted air has been heated in said oven
chamber and is used to preheat said fresh air in said
heat exchanger.

The electrochemical oxygen generating system of
claim 1, further comprising two mounting brackets
and at least two ceramic oxygen generating mod-
ules.

The electrochemical oxygen generating system of
claim 1, wherein said heat exchanger is a counter-
flow heat exchanger.

The electrochemical oxygen generating system of
claim 9, wherein said two mounting brackets provide
electrical power to said at least two ceramic oxygen
generating modules in one of series and parallel
heat.

The electrochemical oxygen generating system of
claim 1, wherein said heat exchanger includes a
manifold assembly and a plurality of mounting clips
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each for mounting said at least one ceramic oxygen
generating module and for providing an electrical
connection thereto.

The electrochemical oxygen generating system of
claim 12, wherein said manifold assembly includes
aplurality of tubes located in a manifold body, where-
in said plurality of tubes provides a fresh air inlet, at
least one distribution channel formed outside said
plurality of tubes, and return passageway for carrying
oxygen depleted air.

The electrochemical oxygen generating system ac-
cording to anyone of the preceding claims, wherein
the system is capable of utilizing an air supply that
contains chemical and/or biological contaminants,
and wherein the system provides oxygen gas to said
oxygen outlet being free of said chemical and/or bi-
ological contaminants.

Patentanspriiche

1.

System zur elektrochemischen Erzeugung von Sau-
erstoff, umfassend: eine Ofenkammer mit einem
Frischlufteinlass und einem Abluftauslass;

mindestens einem keramischen Sauerstoffer-
zeugungsmodul, angeordnet in der Ofenkam-
mer und mit einem Sauerstoffauslass;

einem Heizgerét, angebracht in der Ofenkam-
mer;

einem Warmetauscher, angeordnet zwischen
dem Frischlufteinlass und der Ofenkammer; und
eine Steuerungseinheit zur Bereitstellung elek-
trischen Stroms fiir das mindestens eine kera-
mische Sauerstofferzeugungsmodul und zur
Steuerung des Heizgerats,

dadurch gekennzeichnet, dass

das System zur elektrochemischen Erzeugung
von Sauerstoff eine Vielzahl einstellbarer Ab-
sperrvorrichtungen aufweist, angeordnet zwi-
schen dem Frischlufteinlass und der Ofenkam-
mer.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei der Warmetauscher
mindestens eine Offnung aufweist, um es etwas
Frischluft zu ermdglichen, in die Ofenkammer ein-
zutreten.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, weiterhin umfassend ein
Thermoelement, angeordnet in der Ofenkammer,
wobei das Thermoelement ein Signal an die Steue-
rungseinheit sendet, das die Temperaturin der Ofen-
kammer anzeigt.
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System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, weiterhin umfassend min-
destens eine weitere Absperrvorrichtung, die mit
dem Wéarmetauscher verbunden ist und durch die
Steuerungseinheit gesteuert wird, um es etwas
Frischluft zu ermdglichen, in die Ofenkammer um-
geleitet zu werden.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, weiterhin umfassend einen
Ventilator, angeordnet zwischen dem Frischluftein-
lass und der Ofenkammer.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, umfassend eine Vielzahl
von keramischen Sauerstofferzeugungsmodulen,
die zusammengeschaltet sind.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei das System zur elek-
trochemischen Erzeugung von Sauerstoff am Sau-
erstoffauslass Sauerstoff bei Driicken bis zu 137,9
bar erzeugen kann.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei die Steuereinheit die
Ventilatorgeschwindigkeit steuert, um die Ofenkam-
mertemperatur zu regeln.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei der Warmetauscher
einen 180°-Pfad fur Frischluft, die in die Ofenkam-
mer eintritt, bereitstellt und die Abluft in der Ofen-
kammer aufgeheizt wurde und verwendet wird, um
die Frischluft im Warmetauscher vorzuheizen.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, weiterhin umfassend zwei
Montagehalterungen und mindestens zwei kerami-
sche Sauerstofferzeugungsmodule.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei der Warmetauscher
einen Gegenstromwarmetauscher darstellt.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 9, wobei die zwei Montage-
halterungen elektrischen Strom fir die mindestens
zwei keramischen Sauerstofferzeugungsmodule bei
entweder serieller oder paralleler Erhitzung bereit-
stellen.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 1, wobei der Warmetauscher
eine Mehrfachmontagebaueinheit und eine Vielzahl
von Montageclips umfasst, von denen jeder zur Mon-
tage mindestens eines keramischen Sauerstoffer-
zeugungsmoduls und zur Bereitstellung einer elek-
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trischen Verbindung hierzu dient.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach Anspruch 12, wobei die Mehrfachmon-
tagebaueinheit eine Vielzahl von Réhren umfasst,
angeordnet in einem Mehrfachmontagekorper, wo-
bei die Vielzahl von Rohren einen Frischlufteinlass,
mindestens einen Verteilungskanal, gebildet aul3er-
halb der Vielzahl von Réhren, und eine Riickpassa-
ge zum Transportieren von Sauerstoff-abgereicher-
ter Luft bereitstellen.

System zur elektrochemischen Erzeugung von Sau-
erstoff nach irgendeinem der vorhergehenden An-
spriiche, wobei das System in der Lage ist, eine Luft-
zufuhr zu nutzen, die chemische und/oder biologi-
sche Kontaminationen enthélt, und wobei das Sy-
stem Sauerstoffgas an den Sauerstoffauslass liefert,
der frei ist von diesen chemischen und/oder biologi-
schen Kontaminationen.

Revendications

1.

Systéme électrochimique de génération d’'oxygene
comprenant :

une chambre de four possédant une entrée d’air
frais et une sortie d’air appauvri ;

au moins un module céramique de génération
d’oxygéne situé dans ladite chambre de four et
possédant une sortie d’oxygene ;

un dispositif de chauffage monté dans ladite
chambre de four ;

un échangeur de chaleur positionné entre ladite
entrée d'air frais et ladite chambre de four ; et
un dispositif de commande destiné a fournir une
puissance électrique audit module céramique
de génération d’oxygene et destiné a comman-
der ledit dispositif de chauffage,

caractérisé en ce que

le systeme électrochimique de génération d’oxyge-
ne comprend plusieurs registres réglables situés en-
tre ladite entrée d’air frais et ladite chambre de four.

Systéme électrochimique de génération d’oxygéne
selon larevendication 1, dans lequel ledit échangeur
de chaleur comprend au moins un trou destiné a
permettre a une certaine partie de I'air frais d’entrer
dans la chambre de four.

Systéme électrochimique de génération d’oxygéne
selon la revendication 1, comprenant en outre un
couple thermoélectrique monté dans ladite chambre
de four, ledit couple thermoélectrique envoyant un
signal audit dispositif de commande pour indiquer
une température dans ladite chambre de four.
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Systéme électrochimique de génération d’'oxygéne
selon la revendication 1, comprenant en outre au
moins un registre supplémentaire raccordé audit
échangeur de chaleur et commandé par ledit dispo-
sitifde commande pour permettre a une certaine par-
tie de I'air frais d’'étre redirigée dans ladite chambre
de four.

Systéme électrochimique de génération d’oxygéne
selon la revendication 1, comprenant en outre un
ventilateur situé entre ladite entrée d'air frais et ladite
chambre de four.

Systéme électrochimique de génération d’oxygéne
selon la revendication 1, comprenant plusieurs mo-
dules céramiques de génération d'oxygene reliés
ensemble par un collecteur.

Systeme électrochimique de génération d’oxygene
selon la revendication 1, dans lequel ledit systéme
électrochimique de génération d’oxygéne peut pro-
duire de I'oxygene au niveau de ladite sortie d’oxy-
gene a des pressions allant jusqu’a 137,9 bars.

Systéme électrochimique de génération d’oxygéne
selon la revendication 1, dans lequel ledit dispositif
de commande commande la vitesse du ventilateur
pour réguler la température de la chambre de four.

Systeme électrochimique de génération d’oxygene
selon larevendication 1, dans lequel ledit échangeur
de chaleur comporte un trajet a 180° pour l'air frais
entrant dans ladite chambre de four et ledit air ap-
pauvri est chauffé dans ladite chambre de four et est
utilisé pour préchauffer ledit air frais dans ledit
échangeur de chaleur.

Systéme électrochimique de génération d’oxygéne
selon la revendication 1, comprenant en outre deux
supports de montage et au moins deux modules cé-
ramiques de génération d’oxygene.

Systéme électrochimique de génération d’oxygéne
selon larevendication 1, dans lequel ledit échangeur
de chaleur est un échangeur de chaleur a contre
courant.

Systeme électrochimique de génération d’oxygéne
selon larevendication 9, dans lequel lesdits supports
de montage fournissent une puissance électrique
auxdits modules céramiques de génération d’oxy-
géne dans I'une parmi les configurations de chauf-
fage en série ou en paralléle.

Systéme électrochimique de génération d’oxygéne
selon larevendication 1, dans lequel ledit échangeur
de chaleur comporte un ensemble formant collecteur
et plusieurs brides de montage destinées chacune
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a monter ledit module céramique de génération
d'oxygene et y établir un raccordement électrique.

Systeme électrochimique de génération d’oxygene
selon larevendication 12, dans lequel leditensemble
formant collecteur comporte plusieurs tubes situés
dans un corps de collecteur, dans lequel lesdits tu-
bes comportent une entrée d’air frais, au moins un
canal de distribution étant formé a I'extérieur desdits
tubes, et un passage de retour destiné a acheminer
I'air appauvri en oxygene.

Systeme électrochimique de génération d’oxygene
selon I'une quelconque des revendications précé-
dentes, dans lequel le systéeme est capable d'utiliser
une amenée d’air qui contient des contaminants chi-
miques et/ou biologiques, et dans lequel le systéme
fournit du gaz oxygéne a ladite sortie d’oxygene
exempt desdits contaminants chimiques et/ou bio-
logiques.
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FIG. 11

Oxygen Output vs. Temperature at Constant Voltage
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